INTRODUCTION {#sec1-1}
============

Sternal fractures are associated with deceleration injuries and blunt anterior chest trauma (incidence of 3-6.8% in motor vehicle collisions).\[[@ref1]\] Mechanisms of injury associated with sternal fractures are classified into either direct or indirect trauma.\[[@ref2]\] Direct trauma include deceleration injuries and blunt anterior chest trauma.\[[@ref1][@ref3]\] The introduction of seat-belt legislation and shoulder restraints has resulted in an increased frequency of these injuries.\[[@ref1][@ref3]\] Direct impact sports, vehicle-to-pedestrian collisions, falls, and assaults account for the majority of the remaining cases.\[[@ref4]\] Indirect forces may cause insufficiency fractures, stress fractures and pathological fractures. Insufficiency fractures occur spontaneously in patients with severe thoracic kyphosis and in those with osteoporosis. Elderly patients, post-menopausal women and patients on long-term steroid therapy are at particular risk.\[[@ref5]\] Stress fractures have also been noted in athletes who undertake repetitive upper body exercise without history of acute trauma.\[[@ref6]\]

Studies show that the current management of sternal fractures in several centers does not comply with available evidence, particularly in cases of isolated sternal fractures.\[[@ref7]\] The purpose of this article is to describe the prognosis, the recommended assessment and investigations for patients sustaining sternal fractures, to help clinicians evaluate the need for hospital admission.

PROGNOSIS AND COMPLICATIONS {#sec1-2}
===========================

Sternal fractures can either occur in isolation, or with other associated injuries. Prognosis is excellent for isolated sternal fractures, with most patients recovering completely over a period of weeks (average 10.4 weeks).\[[@ref8]\] The overall mortality of sternal fractures is 0.7%.\[[@ref1]\] However, two-thirds of sternal fractures have concomitant injuries with an associated mortality ranging from 25-45 %.\[[@ref9]\] These injuries can be subdivided into 3 categories: i) Soft tissue injuries ii) Injuries to the chest wall and iii) Injuries to the spine, appendages and cranium. Chest wall injuries include rib fractures, flail chest and sternoclavicular dislocation. Soft tissue injuries include pneumothoraces, hemothoraces, cardiac tamponade, myocardial and pulmonary contusions, as well as injuries to the abdomen and diaphragm.\[[@ref9]\] Thoracic spine compression fractures, as well as\[[@ref4][@ref10]\] trauma to the head, neck, and extremities are also common. There is a significant correlation between displaced or unstable sternal fractures and pulmonary injuries, pericardial effusions, spinal and rib fractures.\[[@ref11]\]

Complications following sternal fractures include short and long term sequelae. Short term complications include chest pain post-injury, which has a mean duration of 8 to 12 weeks for all age groups.\[[@ref8]\] It is the predominant symptom post-injury in patients with isolated sternal fractures, with more than two-thirds of patients requiring management with analgesia alone.\[[@ref11]\] Apprehension due to pain can impair ventilation, predisposing to chest infection. This is due to the involvement of the sternum in all motions of the chest cage, particularly those involving respiration and coughing. Long term complications include non-union, and painful pseudarthrosis may occur with the development of a false joint or overlap deformities. This may require surgical correction.\[[@ref12]\] Predisposing factors for delayed or impaired union include advanced age, osteoporosis, diabetes, and corticosteroid therapy. Contributing factors include mechanical and anatomical factors such as instability and poor bone-to-bone contact. Abnormalities in calcium, vitamin D, and parathyroid hormone may also impact fracture healing due to their vital role in bone metabolism.\[[@ref13]\] Rare sequelae of sternal fractures include osteomyelitis, sternal abscess and mediastinitis. Risk factors for a post-traumatic mediastinal abscess include hematoma formation, intravenous drug abuse, and a staphylococcal infection source \[Table [1a](#T1){ref-type="table"}-[b](#T2){ref-type="table"}\].\[[@ref14]\]

###### 

Mortality of injuries associated with sternal fractures
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###### 

Incidence of injuries associated with sternal fractures\[[@ref1]\]
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INVESTIGATIONS {#sec1-3}
==============

A lateral chest radiograph remains the gold standard investigation in diagnosing sternal fractures, as the fracture and any displacement or dislocation occurs in the sagittal plane.\[[@ref20]\] An antero-posterior chest radiograph is useful in detecting concomitant injuries, which include rib fractures, pulmonary contusions, and hemothoraces/pneumothoraces, as well as a widened mediastinum which may be indicative of other coexistent pathology \[[Table 2a](#T3){ref-type="table"}\].\[[@ref21]\] The detection of any of the former warrants further investigation by multi-slice spiral CT. Axial CT is considered to be inferior to radiography for sternal fracture diagnosis, as CT cuts may miss transverse sternal fractures.\[[@ref22]\] Ultrasonography detects sternal fractures with equal sensitivity as plain radiography, or may be considered diagnostically superior.\[[@ref23]\] Limiting factors including inter-operator variability, render it less acceptable as the first-line imaging modality. It is superior in the detection of rib fractures and pleural effusions; however it cannot identify the degree of fracture displacement.\[[@ref24]\] While bone scintigraphy is superior diagnostically, and will identify fractures missed in plain radiographs,\[[@ref25]\] it is not widely available.

###### 

Causes of a widened mediastinum\[[@ref21]\]
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Pulse oximetry should be obtained on clinical presentation, as well as serial electrocardiograms, observing for features indicative of myocardial contusion. These include an unexplained sinus tachycardia, arrhythmias, conduction disturbances, or ST-segment changes.\[[@ref2]\] Echocardiography should be considered in patients with other concomitant injuries.\[[@ref26]\] It provides a direct view of wall motion abnormalities, and is considered an excellent tool in the detection of acute myocardial contusion \[[Table 2b](#T4){ref-type="table"}\].\[[@ref27][@ref28]\] In patients with painful chest wall injuries transthoracic echocardiographic access may be limited. In these patients, transoesophageal echocardiography is recommended, as well as in cases of suspected lesions to the great vessels or if the transthoracic images are suboptimal.\[[@ref28][@ref29]\] If myocardial contusion is suspected, cardiac biomarkers must be measured.\[[@ref30]\] A poor correlation has been reported between elevated CK-MB and cardiac sequelae.\[[@ref31]\] Serum cardiac troponins (troponin I and T) have been found to be highly specific to myocardial injury.\[[@ref32]\] The optimal timing of blood sampling for troponin assays has not yet been determined to diagnose a cardiac contusion. If troponin I or T concentrations are within reference ranges on admission, a second measurement after 4-6 hrs is necessary to reliably exclude myocardial injury.\[[@ref33]\]

###### 

Echocardiographic findings in acute cardiac contusion\[[@ref28]\]
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MANAGEMENT {#sec1-4}
==========

In the acute setting, the patient should initially be resuscitated according to ATLS guidelines.\[[@ref34]\] This involves establishing a patent airway and cervical spine control if injury is suspected. The patient\'s breathing and circulation should be assessed, and any life-threatening conditions should be identified and immediately treated during the primary survey. These include tension pneumothorax, massive hemothorax, open pneumothorax, cardiac tamponade and flail chest \[[Table 3](#T3){ref-type="table"}\].\[[@ref34][@ref35]\] The patient\'s Glasgow Coma Scale score should be assessed, as well as the neurovascular status of the upper limbs if a sternal fracture is suspected. Finally, the patient should be exposed to check for any bruising, bleeding or injuries elsewhere. The secondary survey includes obtaining a history from the patient, or a collateral source focusing on events leading to injury and on the past medical and drug history. The head, spine, back and extremities should be examined for trauma. Chest injuries identified on secondary survey include rib fractures, pulmonary contusion, simple pneumothorax, simple hemothorax, blunt aortic injury, and blunt myocardial injury \[[Table 3](#T3){ref-type="table"}\].

###### 

Signs of associated complications which may be elicited on physical examination\[[@ref34][@ref35]\]
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Patients with sternal fractures present with acute sternal pain, aggravated by deep breathing and coughing, associated with localized tenderness and signs of respiratory insufficiency. These include tachypnea, cyanosis, and the use of accessory muscles for ventilation. Inspection of the anterior chest wall may show ecchymosis or contusion with or without a step deformity. Palpation may reveal a fracture related crepitus.\[[@ref35]\]

The required investigations for suspected sternal fractures should be ordered. The degree of fracture displacement should be ascertained, as complete displacement is associated with serious cardiac or pulmonary injury.\[[@ref20]\] Hemodynamically unstable patients, those with suspected myocardial contusion, or those with ECG findings indicative of it, should be evaluated with biomarkers of cardiac injury, echocardiography and continuous monitoring. ICU admission (if unstable) may also be necessary.\[[@ref30]\] Patients with suspected myocardial contusion include those with anterior chest wall ecchymosis, sternal tenderness, complaints of sternal or substernal chest pain, as well as deformity.\[[@ref30]\] Stable patients with isolated sternal fractures, a normal ECG and cardiac enzymes, are expected to have a benign course, and can be discharged home with analgesics and follow-up within the first 24 hrs.\[[@ref36]\]

Operative fixation may be indicated for displaced or unstable fractures. These may cause debilitating chest pain or be associated with flail chest, compromising pulmonary or cardiac function. Sternal fixation can be effectively performed using sternal wires or formal osteosynthesis using plate and screws.\[[@ref37]--[@ref39]\]

CONCLUSION {#sec1-5}
==========

Sternal fractures are not uncommon injuries. They may be associated with major injuries to thoracic organs, with potentially fatal sequelae. In the acute setting, management includes resuscitation according to ATLS guidelines, and treatment of any coexistent injuries. After exclusion of other concomitant injuries, patients with isolated sternal fractures can be safely discharged home within the first 24 hrs, provided cardiac enzymes (troponin) and ECG findings are normal. Routine hospital admission is therefore unnecessary for all patients with sternal fractures, and is warranted in those with significant associated injuries. Other factors which may justify hospitalization include major co-morbidities, high-impact trauma, severely displaced fractures, inadequate pain control, or insufficient domestic support.\[[@ref40]\]
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